1. A method is described for the isolation ofrat parotid acinar cells by controlled digestion of the gland with trypsin followed by collagenase. As judged by Trypan Blue exclusion, electron microscopy, water, electrolyte and ATP concentrations and release of amylase and lactate dehydrogenase, the cells are morphologically and functionally intact. 2. A method was developed for perifusion of acinar cells by embedding them in Sephadex G-10. Release of amylase was stimulated by adrenaline (0.1-1O#M), isoproterenol (1 or 10uM), phenylephrine (IpM), carbamoylcholine (0.1 or 1pM), dibutyryl cyclic AMP (2mM), 3-isobutyl-1-methylxanthine (1mM) and ionophore A23187. The effects of phenylephrine, carbamoylcholine and ionophore A23187 required extracellular Ca2+, whereas the effects of adrenaline and isoproterenol did not. 3. The incorporation of '5Ca into parotid cells showed a.rapidly equilibratig pool (1-2min) corresponding to 15 % of total Ca2+ and a slowly equilibrating pool (>3h) of probably a similar dimension. Cholinergic and a-adrenergic effectors and ionophore A23187 and 2,4-dinitrophenol increased the rate of incorporation of 45Ca into a slowly equilibrating pool, whereas f8-adrenergic effectors and dibutyryl cyclic AMP were inactive. 4. The efflux of 45Ca from cells into Ca2+-free medium was inhibited.by phenylephrine and carbamoylcholine and accelerated by isoproterenol, adrenaline (,6-adrenergic effect), dibutyryl cyclic AMP and ionophore A23187. 5. A method was developed for the measurement of exchangeable 45Ca in mitochondria in parotid pieces. Incorporation of '"Ca into mitochondria was dec,reased by isoproterenol, dibutyryl cyclic AMP or 2,4-dinitrophenol, increased by adrenaline, and not changed significantly by phenylephrinme or carbamoylcholine. Release of '"Ca from mitochondria in parotid pieces incubated in a Ca2+-free medium was increased by isoproterenol, adrenaline, dibutyryl cyclic AMP or 2,4-dinitrophenol and unaffected by phenylephrine or carbamoylcholine. 6. These findings are compatible with a role for Ca2+ as a mediator of amylase-secretory responses in rat parotid acinar cells, but no definite conclusions about its role can be drawn in the absence of knowledge of the molecular mechanisms involved, their location, and free Ca2+ concentration in appropriate cell compartment(s).
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Secretion of saliva by rat parotid gland involves release of amylase, water and K+ and can be modulated through three types of hormone receptors, the a-and 8i-adrenergic receptors and the muscarinic cholinergic receptor (for a review, see Schramm & Selinger, 1975) . Release of amylase by rat parotid in vitro is strongly stimulated by f-adrenergic agonists (e.g. isoproterenol) and by dibutyryl cyclic AMP, but only weakly stimulated by ar-adrenergic or cholinergic agonists (e.g. phenylephrine and carbamoylcholine) (Bdolah et al., 1964; Babad et al., 1967; Schramm, 1968; Amsterdam et al., 1969; Selinger et al., 1974; Butcher et al., 1975; Mangos et al., 1975b) . Release of K+ on the other hand is strongly stimulated by a-adrenergic and cholinergic agonists (Batzri et al., P. KANAGASUNTHERAM AND P. J. RANDLE agonists are without effect (Malamud, 1972; Butcher et al., 1975) .
These findings have led to the suggestion that cyclic AMP may be responsible for stimulus-secretion coupling with respect to amylase release, and that Ca2+ may be responsible with respect to K+ release (see, e.g., Schramm & Selinger, 1975) . However, the cyclic AMP concentration in the parotid does not correlate well with the rate of amylase release , and the bivalent metal ionophore A23187 induces some release of amylase in addition to K+, provided that extracellular Ca2+ is present (Butcher, 1975) . Ca2+ is accumulated by parotid mitochondrial and microsomal fractions Dormer & Ashcroft, 1974) and 15Ca is incorporated into these fractions in the tissue in vitro. Thus, iff-adrenergic agonists affect discharge of Ca2+ from either intracellular pool, participation of Ca2+ in amylase release would not be excluded by non-dependence on extracellular Ca2+. The development of techniques for measurement of exchangeable Ca2+ of mitochondria in tissues has shown that adrenaline can decrease the exchangeable Ca2+ of mitochondria in adipose tissue and parotid (Severson et al., 1976; Dormer & Ashcroft, 1974; Randle et al., 1974) . It may also decrease exchangeable Ca2+ in microsomal fractions of the parotid (Dormer & Ashcroft, 1974) . Adrenaline is, however, a mixed a-and ,B-adrenergic agonist, and it is not known whether effects on mitochondrial and microsomal exchangeable Ca2+ are a-or fl-adrenergic effects.
Moreover, experiments with isolated parotid slices or pieces are complicated by the presence of sympathetic and parasympathetic nerve endings capable of releasing noradrenaline and acetylcholine.
In the present study methods have been developed for the isolation and perifusion of parotid acinar cells and for measurement ofrates ofrelease of amylase, 45Ca uptake and 45Ca efflux; parallel studies with parotid pieces for measurement of mitochondrial exchangeable Ca2+ are also reported. The effects of a-and .8-adrenergic and cholinergic agonists, dibutyryl cyclic AMP, ionophore A23187 and 2-isobutyl-l-methylxanthine have been studied in these systems. The terms 45Ca uptake or incorporation are used to describe measurement that may reflect exchange or net uptake or both.
Methods
Preparation of parotid cells. Parotid glands were dissected from male albino Wistar rats of approx. 300g, which had had free access to water and diet 41B (Oxoid, London S.E.1, U.K.), and had been killed by stunning and decapitation. Initial attempts to isolate parotid cells were based on controlled digestion with collagenase and hyaluronidase by methods used for the preparation ofpancreatic acinar cells by Amsterdam & Jamieson (1973) . It was found difficult to control digestion of parotid with this technique, and a successful method was developed based on incubation with trypsin followed by collagenase and this method is described here. There was no advantage observed to the inclusion of hyaluronidase in the procedure.
The parotid glands of four rats were placed in basic preparation medium and cut into small pieces with scissors. The basic preparation medium consisted of bicarbonate-buffered saline (Krebs & Henseleit, 1932) , but with only 1 nM-CaCl2, gassed with 02+C02 (95: 5) and containing 5mM-glucose, 5mM-DL-3-hydroxybutyrate, 50mM-sucrose, 2% (v/v) MEM amino acid supplement (adjusted to pH7.4 with NaOH) and 0.5g of bovine plasma albumin/ lOOmi. The pieces were transferred to 5ml of basic medium containing trypsin (5mg) and incubated at 37°C for lOmin with shaking (130 cycles/min) in 1976 548 CALCIUM METABOLISM AND AMYLASE RELEASE IN PAROTID CELLS 50ml screw-cap polythene bottles. After centrifugation for min at maximum speed in an MSE Super-Major centrifuge, the medium was aspirated and replaced with 5 ml of basic medium lacking CaC12 and MgSO4 and containing 2mM-EGTA* and trypsin inhibitor (1 mg/ml). Incubation was continued with shaking for 5min. The medium was removed by centrifugation and the pellet washed twice by resuspension in 8ml of complete basic medium. The pellet was then resuspended in 5ml of basic medium containing 7.5mg of collagenase and incubated with shaking for approx. 35-45min (until the tissue was largely dispersed as judged by eye). Dispersion was completed by sucking up and down in a 2ml plastic pipette (tip bore approx. 0.5-1 mm), and undigested material removed byfiltrationthrough nylon mesh. The cell suspension was layered on Sml of basic medium containing 4g of bovine plasma albumin/lOOml in a lOml polypropylene centrifuge tube, and the cells were packed by centrifuging for 5min at 50g at room temperature (20°C). The cells were washed twice in the same medium by resuspension (plastic pipette) and centrifugation, and then resuspended in basic medium containing 2g of bovine plasma albumin/lOOml to a concentration of 4x 106 cells/ml. The preparation was assessed at this stage by light microscopy by exclusion of Trypan Blue (Tenant, 1964) .
Preparation and incubation of parotid pieces. Parotid pieces were prepared by cutting rat parotid glands into pieces weighing 5-10mg with scissors in bicarbonate-buffered medium (Krebs & Henseleit, 1932) containing only 1 mM-CaCI2, 5mM-glucose, 5mM-DL-3-hydroxybutyrateand gassed with 02+C02 (95:5) . Incubations were made in the same medium with additions as given in the text, Tables and  Figures. Incubations and perifusion of parotid cells. For measurement of amylase release, spaces or metabolites, parotid cells were incubated in or perifused with bicarbonate-buffered saline (Krebs & Henseleit, 1932) containing 1 mM-CaCI2, and with 5mM-glucose, 5mM-DL-3-hydroxybutyrate, 2% (v/v) ethanol) and equilibrated with perifusion medium before use. Perifusion was made with a peristaltic pump (Pharmacia P-3) at a flow rate of 0.2ml/min. The whole apparatus was assembled in a constanttemperature cabinet maintained at 37°C. Some preparations of parotid cells had high initial basal rates of amylase release, which declined to a low steadystate value after 1-2h. Therefore in all experiments the cells were preincubated or pre-perifused for 2h before incubation or perifusion.
In experiments with Ca2+-free medium, bicarbonate-buffered saline (Krebs & Henseleit, 1932) , without CaCl2 and MgC12 but containing 2g of bovine plasma albumin/lOOmi, 50mM-sucrose, 5mM-glucose and 5mM-DL-3-hydroxybutyrate, was freed of traces of bivalent metal ions by passage through Chelex-100 resin processed according to the manufacturer's instructions and equilibrated with the medium. The medium was completed by addition of spectrographically standardized MgSO4.
Analytical methods. Citrate synthase was assayed spectrophotometrically in extracts of mitochondria or parotid pieces by a modification of the method of Srere et al. (1963) , as given by Coore et aL (1971) . Amylase was assayed in incubation or perifusion media or in extracts of parotid cells or parotid pieces by the method of Bernfeld (1955) . Lactate dehydrogenase was assayed in incubation media or in extracts of parotid cells by the method of Bergneyer & Brent (1974) . ATP was assayed in HCI04 extracts of parotid cells and pieces by the luciferin-luciferase assay (Stanley & Williams, 1969) . DNA was assayed in parotid cells or parotid pieces by Burton's (1956) modification of the method of Schneider. Protein was assayed in extracts of parotid cells and pieces by the method of Gornall et al. (1949) , and in mitochondria by the method of Lowry et al. (1951) . Parotid cells were counted with light microscopy in a Neubauer haemocytometer. Ca2+ and Mg2+ were determined in parotid cells and pieces with an EEL 240 atomic absorption spectrophotometer as described by Severson et al. (1974) . K+ was also measured by atomic-absorption spectrophotometry after dilution with 20mM-LaCl3.
Extracts of mitochondria for assay of citrate synthase were prepared by alternate freezing (liquid N2) and thawing (three times) in assay buffer (Coore et al., 1971) . For assay of lactate dehydrogenase and amylase, parotid pieces were disrupted in 20mM-549 P. KANAGASUNTHERAM AND P. J. RANDLE sodium phosphate, pH6.9, with a Polytron PT-10 tissue homogenizer (30s at position 4). For assay of citrate synthase the homogenate was frozen and thawed (three times). For assay of enzymes in parotid cells, the cells were disrupted in the incubation medium with a Polytron PT-10 homogenizer. For assay of ATP in parotid cells, HC104 was added to a final concentration of 5 % (v/v). For assay of ATP in parotid pieces, the pieces were frozen in liquid N2. powdered in a mortar cooled in liquid N2, and ATP was extracted into 5% (v/v) HC104. For assay of protein, parotid cells were freed of extracellular protein (albumin) by layering on protein-free medium containing 10% (w/v) Ficoll and centrifuged at 50g for 5min. The supernatant was aspirated and the pellet resuspended in water.
Spaces. The intracellular water volume in parotid cells and pieces was estimated with 3H20 by using [U-_4C]sucrose as an extracellular marker. Cells were incubated with media containing 3H20 (2#Ci/ml) and [U-14C]sucrose (0.2,uCi/ml) and subsequently separated by centrifuging for 20s in an Eppendorff 3200 centrifuge. The supernatant was aspirated and retained for assay of radioactivity, and the pellet taken up in water and transferred quantitatively to methoxyethanol toluene-based scintillator . Parotid pieces were blotted, weighed, and extracted with a Polytron PT-10 homogenizer, and the homogenates added to methoxyethanol toluenebased scintillator. For measurement of 45Ca spaces, incubations were made with 45Ca (0.2#Ci/ml) and [6,61-3H] sucrose (2pCi/ml) by the same procedure.
Radioactivity was assayed in media and extracts of parotid cells and pieces by dual-isotope liquidscintillation spectrometry, and quench corrections were applied by means of an external standard.
Mitochondrial exchangeable Ca2+. Parotid pieces were incubated in media containing 45Ca (1 pCi/ml). At the end of incubation the pieces were rapidly collected by filtration through nylon mesh and disrupted in ice-cold mediuim [0.25M-sucrose/lOmM-Tris/HCI/ 2mM-EGTA/5#g of Ruthenium Red/ml (pH7.4)] with a Polytron PI-10 homogenizer (two bursts of 2s on position 3.5). The homogenate was centrifuged at 2°C for 10min at 1OOOg and the supematant removed and centrifuged at 2°C for lOmin at 10000g. The pellet was resuspended gently in the same medium (30m1) and centrifuged for 10min at lOOOg and the supernatant centrifuged for 10min at 10000g. The mitochondrial pellet was then taken up in 200,1 of citrate synthase assay buffer and disrupted by freezing and thawing (see under 'Analytical methods'). One sample (140,u1) was taken for-assay of radioactivity, and citrate synthase was assayed in the remainder.
Citrate Results and Discussion Preparation, electron microscopy and some aspects of the composition and metabolic activities ofrat parotid cells isolated by controlled proteolysis and incubated in vitro Parotid cells have been prepared in this study by sequential incubations of parotid pieces with trypsin followed by collagenase. When this work was commenced Amsterdam & Jamieson (1973) had described preparation of pancreatic acinar cells, but it was found necessary to develop a different method for isolation of viable parotid cells. The method reported here has been very reproducible, and some 150 preparations have been successfully performed over a period of about 2 years. As judged by exclusion of Trypan Blue under the light microscope, at least 95% of cells were viable in all preparations used in this study.
Plate 1 shows an electron micrograph of a parotid cell prepared by this technique and typical of many examined in a single preparation.. The cell shows a sharply defined boundary and intact plasma membrane with nucleus to one side of the cell, granules to the opposite side, microvilli, mitochondria with wellpreserved cristae, sharply defined rough endoplasmic reticulum, secretory granules and a large nucleus with well-preserved nuclear membrane. Electron microscopy showed that at least 90% of cells in this particular preparation contained zymogen. Electron micrograph of a typical parotid cell Parotid cells were prepared as described in the Experimental section, and packed by centrifuging for 30s in an Eppendorif 3200 centrifuge. The supernatant was aspirated, and the cell pellet removed and fixed in 2.5%4 (w/v) glutaraldehyde in 0.1 Msodium phosphate buffer, pH7.3, for 18h. The pellet was then exposed to 1% OS04 in 0.2M-sodium phosphate, pH7.3, for 1 h and washed and dehydrated with aq. 70%. (v/v) ethanol. The pellet was embedded in Araldite, dried for 3 days at 55-60'C, and sectioned in an LKB Ultratome. The sections were stained with 2%y (w/v) uranyl acetate inmethanol and then in Renolds lead citrate, and examined in a Phillips 300 electron microscope. Magnification x10087. P, plasma membrane; M, mitochondrion; R, rough endoplasmic reticulum; S, secretory granule; V, microvillus. N, nucleus. Time of perifusion (min) Fig. 1 . Effects ofdimethyl suiphoxide, ionophore A23187 in dimethylsulphoxide andhigh-PK4 medium onamylase release by perifusedparotid cells Parotid cells were prepared, pre-perifused and perifused as described in Table 2 . e, Perifusion switched to medium containing dimethyl sulphoxide (2,u1/ml) at point A and to mediu containing 40pm-ionophore A23187 and dimethyl sulphoxide (2p1/ml) at point B. *, Perifusion switched to medium in which 95mmol of NaCI/l was replaced by KCl (final conen. of KCG, 1001m) at point B.
Vol. 160 Parotid cells were prepared, pre-perifused and perifused as described in Table 3 . *, Complete medium switched to 1 pM-carbamoylcholine at A; 0, Ca2+_frWe mediumn switched to 1 Mm-carbamoyl choline at A; A, complete medium switched to 1OpM-adrenaline at A; ,, Ga+.free medium switched to 10uM-adrenaline at A. S51 P. KANAGASUNTHERAM AND P. J. RANDLE Table 2 . Effects ofadrenaline, isoproterenol, carbamoylcholine, 3-isobutyl-1-methylxanthine, dibutyryl cyclic AMP, ionophore A23187 and high K+ concentration on amylase release Parotid cells were perifused at 37°C with bicarbonate-buffered saline containing albumin, sucrose, glucose, 3-hydroxybutyrate and amino acids (for details of preparation of cells and of apparatus see under 'Methods'; for composition of the medium see Table 1 ). After 2h of pre-perifusion, release of amylase was followed by assay of the enzyme in fractions of perifusate collected at 2min intervals. The control rate ofrelease was measured during 0-20min of perifusion, and the rate of release with the substances shown measured over a further 20-30min of perifusion. It was shown in separate experiments that the control rate is constant to within 10% for at least 60min of perifusion. The initial rate ofrelease with the substances shown (column 3, experimental) was the maximum rate of release after their introduction, and this occurred within the first 4min. The duration of the increased rate of release is shown in column 4. Ionophore A23187 was added in dimethyl sulphoxide (2,cd/ml); control experiments showed that dimethyl sulphoxide had little, if any, effect on the rate of amylase release. Other substances were dissolved directly into the perfusion medium. In high-K+ perifusions, the concentration of K+ was raised from 5 to 100mequiv./I by substitution of KC1 for NaCl. Table 3 . Effects ofadrenaline, isoproterenol,phenylephrine and carbamoylcholine on amylase release byparotid cells orparotid pieces in thepresence and in the absence ofexternal Ca2+ For details of preparation of parotid cells and the perifusion apparatus see the Experimental section. Parotid cells (2 x 106) were pre-perifused for 2h at 37°C with bicarbonate-buffered saline containing albumin, sucrose, glucose, 3-hydroxybutyrate and amino acids (for composition see Table 1 ), and for a further 20min with the same medium or with similar medium without Ca2+ (see the Experimental section). Control experiments with 45Ca in the absence of cells showed that 20 min of perifusion with Ca2+-free medium removed not less than 84% of Ca2+ from the perifusion cell. Perifusion was then continued with collections for assay of amylase, for measurement of control rates of release and initial rates of release with hormonal stimulation as given in Table 2 . Parotid pieces were prepared as described in the Experimental section and preincubated for 30min at 37°C (50mg in 3ml) in bicarbonate-buffered medium (Krebs & Henseleit, 1932) , modified to contain 1 mM-CaCl2 and containing 5mM-D-glucose, 5mM-DL-3-hydroxybutyrate and gassed with 02+ CO2 (95: 5). Preincubation was continued for 20min in Sml of the same medium or for 2 x 10min in 5 ml of similar medium without Ca2+ (see the Experimental section) and containing 0.2mM-EGTA. Amylase release was then measured during a subsequent 30min incubation in fresh medium of the same composition and with additions shown in column 1 for experimental values. Results for cells are based on single perifusions. Results for pieces are means of three observations (±S.E.M. results not shown). This suggests that release of amylase is occurring, not through breakage of a proportion of cells, but rather through a specific process of amylase secretion, perhaps requiring ATP. The data do not permit comparison of rates of amylase release by cells and pieces to be made under strictly comparable conditions, as cells were perifused and pieces were incubated in batches in a fixed volume of medium. Under these rather different conditions rates of amylase release by cells and pieces were very similar.
As judged by Trypan-Blue exclusion, electron microscopy, protein, water, electrolyte and ATP content and amylase and lactate dehydrogenase release the preparations of cells appear to be viable in terms of morphological and functional criteria. Mangos et al. (1975a,b,c) have described the preparation of free parotid cells, by digestion with collagenase, hyaluronidase and trypsin and disruption by pipetting, and stimulation of amylase release by 8-adrenergic effectors, dibutyryl cyclic AMP and cholinergic effectors. The proportion of zymogencontaining cells in the preparation (95%) and the secretory responses to adrenaline, isoproterenol and dibutyryl cyclic AMP were similar. The threshold sensitivity to adrenaline may be similar, although the studies by Mangos et al. (1975b) encompassed a wider range of concentration. The maximum rate of amylase release observed by Mangos et al. (1975a,b) , which was similar to rates ofrelease in vivo, was somewhat higher than in the present study. We suggest that two factors leading to depletion of cell amylase may be responsible for lower rates of release in this preparation. One is the use of fed rats and the other is the loss of amylase during cell preparation referred to above. K+ concentration in parotid cells was 129mequiv./1 in the present study as opposed to 80mequiv./f in the cellsused by Mangos etal. (1975a (Reed & Lardy, 1972) , which induced a prompt and fourfold increase in the rate of amylase release which lasted for approx. 8-10min before falling to a lower sustained and increased rate. This effect was not seen with dimethyl sulphoxide (the solvent in which ionophore A23187 was introduced). Fig. 1 also shows that high -K+ concentration produces only a small shortlived increase in amylase release.
The secretoryresponses ofperifused parotid cells to various effectors have been summarized in terms of the maximum (initial) rate of amylase release (Tables  2 and 3 ) and the duration of the stimulated release (Table 2) . Amylase release by parotid pieces during 30min ofbatch incubation is shown in Table 3 .
Amylase release by parotid cells and by parotid pieces was shown to be enhanced by adrenaline, isoproterenol, carbamoylcholine and phenylephrine (only tested in pieces). These findings indicate stimulation of amylase release through a-adrenergic receptors (phenylephrine), ,B-adrenergic receptors (isoproterenol) and cholinergic receptors (carbamoylcholine). In cells, responses were shown to be concentration-dependent over the range 0.1-1OOuM for adrenaline and isoproterenol and 0.1-1 JM for carbamoylcholine (full range not shown in Table 2 ). Amylase release from cells was also stimulated by 3-isobutyl-l-methylxanthine (1 mM), an inhibitor of cyclic AMP phosphodiesterase, and by dibutyryl cyclic AMP. The order ofeffectiveness ofthese agents in terms of total amylase release (results not shown) was isoproterenol and 3-isobutyl-1-methylxanthine >adrenaline>phenylephrine, carbamoylcholine and dibutyryl cyclic AMP. Amylase release from cells was also stimulated by the bivalent-cation ionophore A23187; the effect of ionophore A23187 was largely abolished by omission of CaCI2 from the perifusion medium (not shown). This might suggest that entry of Ca2+ induced by the ionophore can lead to amylase release. High extracellular K+ concentration produced only a small and transient increase. Except for the effects of high K+ concentration and of 0.1 Mcarbamoyleholine, stimulation of amylase release was sustained for at least 20min (this was the maximum period of measurement of amylase release after introduction of the stimulus). Table 3 and Fig. 2 show the dependence ofsecretory responses on extracellular Ca2+ in parotid cells and parotid pieces. In cells or pieces (Table 3 and Fig. 1) , the release of amylase in response to adrenaline or isoproterenol was not dependent on extracellular Ca2+, whereas release in response to carbamoylcholine was abolished in the absence of extracellular Ca2+. In pieces, the response to phenylephrine was also lost in the absence of extracellular Ca2+. Thus fi-adrenergic effects on release are retained whereas a-adrenergic and cholinergic effects on release are lost in the absence of extracellular Ca2 . It may be noted that the basal rate of release of amylase by cells tended to be higher in a Ca2+-free medium.
The efficacy of procedures for depleting extracellular Ca2+ with cells was ascertained with 45Ca and leads to removal of at least 94% of extracellular Ca2+ from the perifusion cell. With pieces, control experiments with f3H]sucrose showed that the wash procedure removed at least 85% of the extracellular marker; the removal of extracellular Ca2+ may have been more extensive because of the inclusion of EGTA in the wash medium.
Incorporation of '"Ca into ratparotidcells, ratparotid pieces and the mitochondrial fraction of rat parotid pieces; validity of the procedures
The procedures developed for measurement of the incorporation of 45Ca into rat parotid cells and parotid pieces and into the mtochondrial fraction of parotid pieces are similar in principle to those used for parallel studies with rat epididymal fat-pads and fat-cells (Severson et al., 1976; Randle et al., 1974) .
Parotid cells andpieces. For determination of 45Ca incorporation into parotid cells and parotid pioces, incubations were made in medium containing 45Ca and also [6, as an extracellular marker.
Parotid cells and parotid pieces were separated from incubation medium by centrifugation and aspiration of medium (oells) or by removal and blotting (pieces).
Extracts of cells and pieces, and incubation media were then assayed for 45Ca and (6,6'-3H]sucrose by dual radioisotope counting. The incorporation of 45Ca was then corrected for extracellulat 45Ca in incubation medium included in the cell pellet or in incubation medium and in extracellular fluid in parotid pieces by use of sucrose as an extracellular marker. The calculation assumes, for pieces, that the concentration of 4"Ca in the sucrose space of the tissue is the same as that in the incubation medium. The sucrose space of the cell pellet was approx.
3.1 p1/mg dry wt. of cells and that of the parotid pieces was approx. 1.8,u1/mg dry wt. of tissue. The corrections to be applied for extracellular 45Ca amounted to 63 and 32% of the total 45Ca incorporated into the cell pellet and pieces respectively.
Mitochondrial fraction. To determine incorporation of 4'Ca into the mitochondrial fraction, rat parotid pieces were disrupted with a Polytron homogenizer into extraction medium within 10-15s of the end of incubation. It was necessary to ensure that redistribution of 45Ca between mitochondrial and extramitochondrial fractions did not take place during separation and purification of the mitochondrial fraction. This was accomplished by inclusion of Ruthenium Red (5,ug/ml) and EGTA (2mM) in the medium used to extract, isolate and purify the mitochondrial fraction. Parotid mitochondria, like mitochondria prepared from other rat tissues, possess a very active Ca2+-uptake system, which may be driven by either respiration (blocked by uncouplers) or ATP (blocked by oligomycin) (Dormer & Ashcroft, 1974) . This uptake system is effectively inhibited by Ruthenium Red at the concentration used (5,ug/ml). The inclusion of EGTA results in sequestration of extramitochondrial Ca2 .
The efficacy of the combined action of Ruthenium Red and EGTA was shown in experiments in which parotid pieces were incubated in the absence of 45Ca and disrupted in extraction fluid containing 45Ca and with or without Ruthenium Red and EGTA. In the absence of Ruthenium Red and EGTA the mitochondrial incorporation of 45Ca during tissue disruption and isolation and purification of mitochondria was 3800d.p.m./unit of citrate synthase; this was decreased by inclusion of Ruthenium Red and EGTA to 120d.p.m./unit of citrate synthase. Control experiments, in which (6,6'-3H]sucrose was included as an extracellular marker, showed that the final mitochondrial pellet was free of [3H]sucrose and it is assumed that extracellular 45Ca was also removed by the fractionation procedure. As in the study with rat epididymal adipose tissue (Severson et al., 1976) , the major factor preventing incorporation of 45Ca into the mitochondrial fraction after tissue disruption and during isolation and purification of mitochondria was EGTA (results not shown). Mitochondrial fractions were prepared, in extraction medium with Ruthienium Red and EGTA, frotu parotid pieces incubated with 45Ca; they were then incubated at 0°C in the same extraction medium. (Chance & Williams, 1955) were 4.5-9.1 with 5mM-2-oxoglutarate, 0.5 mM-L-malate and I umol of ADP (in 4ml). Time of incubation (-nin) Fig. 3 . Incorporation of 45Ca into parotid cells, parotid pieces and the mitochondrial fraction ofparotid pieces at different times ofincubation
The incorporations of 41Ca into parotid cells and parotid pieces were measured as described in Table 4 , except.that the times of incubation were as shown in the Figure. Incorporations of 45Ca into the mitochondrial fraction of parotid pieces were measured as,described in- Fig. 3 shows the incorporation of 45Ca into the exchanging pool of Ca2O of modest dimensions in mitochondrial fraction ofparotidpieces during 60min parotid cells, and that the bulk of cell Ca2+ does not of incorporation. Incorporation into this fraction exchange with extracellular Ca2+ at any appreciable was more complex, showing an iniitial and rapid rate. Incorporation of 4Ca into parotid pieces was incorporation during the first 2min followed by a substantially slower and only achieved equilibrium lower and steady rate of incorporation from 2 to after 30min of incubation (Fig. 3) Dormer & Ashcroft (1974) . Unfortunately, the yields of mitochondria from parotid cells were too small to permit measurements of incorporation of '"Ca into mitochondria in cells.
Effects of adrenergic and cholinergic effectors, dibutyryl cyclic AMP, ionophore A23187 and 2,4-dinitrophenol on incorporation of 45Ca into parotid cells andpieces Table 4 shows the effects of various agents on the incorporation of 4'Ca into rat parotid cells or parotid pieces. Adrenaline (10pM) increased 4Ca incorporation in both cells and pieces. This effect of adrenaline appeared to be an a-adrenergic effect in that it was blocked (in cells) by phentolamine (10pM) but not by propanolol (10pM). This conclusion is supported by the observation that 1O0uM-isoproterenol, a predominantly f,-adrenergic effector, had no effect on 45Ca incorporation in cells or pieces, whereas 10pM-phenylephrine, a predominantly a-adrenergiceffector, increased 45Ca incorporation substantially in parotid pieces (phenylephrine was not tested in cells). Carbamoylcholine also increased 45Ca incorporation in parotid cells (1 or 10pum) and parotid pieces (10pM). Fig. 4 shows effects of adrenaline (presumably aadrenergic action) and carbamoylcholine at different concentrations on 45Ca incorporation into parotid cells. The effect of adrenaline increased between 0.1 and 10pUM and appeared to have reached a maximum at 10pM; the concentration required for halfmaximum stimulation was approx. 1 pM. The effects of carbamoylcholine increased from 0.1 to 100pM and had not necessarily reached a maximum at the highest concentration used. The incorporation of 45Ca into parotid pieces was also increased substantially by the bivalent-cation ionophore A23187 (20pM) and by the uncoupler 2,4-dinitrophenol (0.5mM).
In additional experiments (not shown) the timecourse of 45Ca incorporation with adrenaline and Table 4 . Effects of a-and fi-adrenergic agents, carbamoylcholine, dibutyryl cyclic AMP and ionophore A23187 on the incorporation of4"Ca into ratparotid cells orparotidpieces Rat parotid cells or parotid pieces were prepared as described in the Experimental section. Cells (2 x 106/ml) were preincubated for 2h at 37°C in screw-cap polythene bottles in bicarbonate-buffered saline, containing albumin, sucrose, glucose, 3-hydroxybutyrate and amino acids (for composition see Table 1 ). Parotid pieces (pieces from one gland in Sml) were preincubatedfor3Ominat37°Cinscrew-cappolythenebottlesin bicarbonate-buffered saline, containing glucose and 3-hydroxybutyrate (for composition see Table 1 ). Cells and pieces were then incubated for 1 h in media of similar composition, but containing 45Ca (0.2,uCi/ml) and [6,6'-3H]sucrose (2pCi/ml) (and in incubations of parotid pieces 1 mM-sucrose). Other additions were as shown in column 1. At the end of incubation, cells or pieces were separated, extracted and assayed for 45Ca and 3H radioactivity as described in the Experimental section. Incorporations of45Ca were corrected for "Ca in extracellular fluid by using the sucrose space and assuming that the concentration of 45Ca in extracellular fluid is the same as that of the incubation medium. *P<0.01, tP<0.05 (control versus carbamoylcholine was investigated. It was not possibleto, detect an effect of these agents on the initial rapid incorporation of 45Ca (i.e. in the first 2min). The time involved in separating samples for analysis did not permit measurements over very short periods of incubation. Adrenaline and carbamoylcholine had marked stimulatory effects on incorporation in the slow phase, which persisted for approx. 2h. Thereafter the rate of incorporation declined and fell below the control value after 2h (although the absolute incorporation was still increased). Whether this increase in 45Ca represents equilibration of a slowly exchanging pool of finite size (approx. 2.3ng-atoms of medium Ca2+/mg dry wt. or approx. 10% of total cell Ca2+) or uptake of additional Ca2+ or both is not known. Incorporation of 45Ca into parotid cells was also enhanced by Ruthenium Red (5,ug/ml) (results not shown).
Effects of adrenergic and cholinergic effectors, dibutyryl cyclic AMP and 2,4-dinitrophenol on incorporation of 45Ca into mitochondrial fraction of parotidpieces Columns 1 and 2 of Table 5 show effects of various agents on the incorporation of "Ca into the mitochondrial fraction of parotid pieces during 10min of incubation (incubations in Table 4 were for 60min). Table 5 . Effects ofadrenaline, isoproterenol, phenylephrine, carbamoylcholine, dibutyryl cyclic AMP and 2,4-dinitrophenol on 45Ca incorporated into mitochondria ofrat parotidpieces Parotid pieces were prepared (see the Experimental section) and preincubated for 30min (pieces from one gland in 5ml) in bicarbonate-buffered saline, containing glucose and DL-3-hydroxybutyrate (for composition see Table 1 ). They were then incubated for 10min (or 60min**) in 4ml of similar medium containing 45Ca (2,uCi/ml) and with additions as shown. At the end of the incubation, mitochondria were isolated, extracted and assayed for citrate synthase and "Ca as described in the Experimental section. In experiments with Ca2+-free medium, parotid pieces were incubated in medium containing "Ca (2pCi/ml) for 1 h. They were then washed by two 5min incubations in Ca2+-free medium and incubated for 10min in Ca2+-free medium with additions as shown. At the end ofthe incubation, mitochondria were isolated, extracted and assayed for citrate synthase and "Ca. Because of the number of samples, the second wash period varied from S to 9min, although it was constant for each pair (control and experimental Table 5 also shows effects ofadrenaline and 2,4-dinitrophenol after 60min incubation. With the longer incubation period, adrenaline (lpM) significantly increased mitochondrial incorporation of "Ca, in conformity with the observations of Dormer & Ashcroft (1974) . Mitochondrial exchangeable Ca2+ was decreased by 2,4-dinitrophenol over 60min of incubation in spite of the fact that 2,4-dinitrophenol substantially increased exchangeable Ca2+ in the whole tissue (cf .  Tables 4 and 5 ). These effects of 2,4-dinitrophenol may be compared with those seen in rat epididymal adipocytes, where the uncoupler decreases 45Ca incorporation into mitochondria, but increases incorporation into the supernatant fraction. In adipocytes, 2,4-dinitrophenol did not increase total cell 45Ca, but in that tissue (unlike parotid) the major part of 45Ca incorporation is mitochondrial, the intracellular water volume is very small, and the decreased mitochondrial incorporation is apparently balanced by an increased incorporation into the supernatant (Severson et al., 1976) .
fl-Adrenergic effectors failed to alter the total incorporation of 45Ca into parotid pieces (or cells), but they diminished incorporation into the mitochondrial fraction of parotid pieces. The question aises whether the decreased incorporation into the mitochondrial fraction was balanced by increased incorporation into extramitochondrial fraction(s).: Incorporation of "Ca into the mitochondrial fraction was only approx. 5 % of the total incorporation and the decrease in incorporation with Ii-adrenergic effectors was only approx. 2% of the total incorporation. A change of this magnitude would be difficult to establish with the present technique.
Efflux of 45Ca from parotid cells during perifusion with Ca2+-free medium Efflux of 45Ca from parotid cells n a Ca2+-free medium was investigated by perifusion of eells embedded in acetylated Sephadex G-10 and supported by a plug of acetylated cottonwool. Acetylation of the supporting matrix was essential to minimize binding of 4Ca by the matrix. The acetylated materials can become deacetylated on storage, and it was found desirable to use them within 7 days of preparation. The result of an experiment with an aged preparation of acetylated Sephadex and cottonwool is shown in Fig. 5(c) . By comparison with Figs. 5(a) and 5(b), in which fresh material was used, the release of 45Ca was retarded. Table 1 ). Pre-perifusion was then continued for a further 60min with similar medium containing "5Ca was achieved by 60min ofpre-perifusion with medium containing "Ca (1 or 2,uCi/,ug-atom of Ca+/ml).
Perifusion with Ca2+-free medium was then commenced, and the perifusate collected as 1 min fractions and assayed for "5Ca. With freshly acetylated matrix materials the efflux of 45Ca from the column in the absence of cells was exponential according to the equation:
where y is the fractional efflux of 45Ca, x is the time in min and a=2.08+0.261 and b=-1.39+0.15 (means ± S.E.M.).
In practical terms the efflux of45Ca fell by lOmin of perifusion to less than 1 % of the total efflux per min in the absence of cells, The rate in the presence of ceIls (8 x 106 cells) was approximately twice the control rate after 10mnin, and it is assumed that this increased rate is due to 41 Ca released by the parotid cells. On the basis of data given in Fig. 3, 8 (approx. 4mg dry wt.) incorporate 11.5ng-atoms of '"Ca, which corresponds to some 50000d.p.m. at a medium specific radioactivity of 2uCi/,ug-atom. This level of incorporation may be sufficient to account for the sustained and increased release of 45Ca from perifusion columns containing cells as illustrated in Fig. 6 (the increased release from 10 to 40mm of perifusion was approx. 25000d.p.m.). Rigorous mathematical analysis of the efflux due to the presence of cells was not possible, because efflux of "5Ca from the matrix obscured efflux of 45Ca from cells during the early period of perifusion. Incorporation of45Ca into the matrix was at least 440000d.p.m. (i.e. at least ten times the incorporation into parotid cells). Further evidence that the higher and sustained rate of "sCa efflux in the presence of cells represents release of 45Ca incorporated into cells has come from experiments with the bivalent-metal ionophore A23187 (results not shown). Addition of 404wm-ionophore A23187 after 28min of perifusion with Ca2+-free medium led to an immediate and very rapid rate of 45Ca efflux of six to eight times the control rate, which was sustained for about 3min. This increased rate of efflux was followed by a sharp decrease in the rate to less than 40% of the control rate. The additional 45Ca released was equivalent to 1.06ng-atoms of medium Ca2+ incorporated per mg dry wt. of cells. On the basis of the data given in Fig.  3 , this would correspond to 37% of 45Ca incorporated before perfusion with Ca2+-free medium.
Effects ofadrenergic and cholinergic effectors on efflux of "Ca from parotid cells during perifusion with Ca2+-free medium 60 Fig. 5 shows effects of (a) 2mm-dibutyryl cyclic AMP introduced after 28min of perifusion with (b) Ca2+-free medium, (b) lOpM-adrenaline introduced after 34min of perifusion and (c) 10pum-isoproterenol introduced after 28min. Each agent induced a prompt increase in the rate of efflux of "Ca, which lasted for approx. 5min; "Ca efflux could still be induced with ionophore A23187 after cessation of the adrenaline effect (results not shown). The effect of adrenaline on 45Ca efflux was blocked by 1 uM-propanolol, but not by I ulm-phentolamine (results not shown), confirming P. KANAGASUNTHERAM AND P. J. RANDLE Fig. 6 shows effects on 45Ca efflux of (a) 1 /Mcarbamoylcholine introduced for 11 min after 32mi of perifusion with Ca2+-free medium and (b) 1,Mphenylephrine introduced for 15min after 29min of perifusion. Each agent induced inhibition of 4'Ca efflux, which was maintained for the whole period of exposure. The effect of phenylephrine may have been more prompt than that of carbamoylcholine. The maximum degree of inhibition corresponds to a retention of 0.03 ng-atom of Ca2+/min per mg dry wt. of cells with carbamoylcholine and 0.043 ng-atom with phenylephrine. The time-course of 45Ca efflux with carbamoylcholine and phenylephrine contrasts sharply with the smooth curves obtained in control perifusions (Fig. 6 ). a-Adrenergic and cholinergic stimulation thus inhibit 45Ca efflux from parotid cells.
Effects of adrenergic and cholinergic effectors and 2,4-dinitrophenol on loss of 41Ca from the mitochondrial fraction ofparotidpieces incubated in Ca2+-free medium Table 5 shows effects of adrenaline (1,UM), isoproterenol (lpM), phenylephrine (IpM) and carbamoylcholine (1 pM) on the 4'Ca concentration in the mitochondrial fraction isolated from parotid pieces after incubation in Ca2+-free medium. In these experiments parotid pieces were preincubated for 1 h with 45Ca (2pCi/pg-atom of Ca2+ per ml). On the basis of the data given in Fig. 3 , the incorporation of 45Ca into the mitochondrial fraction in this time is approx. 0.24ng-atom of medium Ca2e/mg dry wt. of tissue. The pieces were then subjected to two successive 5min incubations in Ca2+-free medium and then incubated for 10min in Ca2+-free medium. Adrenaline, phenylephrine and carbamoylcholine were introduced for the final 10min of incubation after which the mitochondrial fraction was isolated and assayed for 45Ca. Changes in mitochondrial 4'Ca concentration induced by these hormones were calculated as a percentage of the control without hormone. As shown in the fourth column of Table 5 , significant loss of 45Ca from the mitochondrial fraction was induced by adrenaline (47%) and isoproterenol (38 %); there was no significant loss with phenylephrine or carbamoylcholine. Loss of 45Ca from the mitochondrial fraction of parotid pieces (39%) was induced by 2,4-dinitrophenol (0.5mM).
The 45Ca concentration in the mitochondrial fraction after incubation for 1 h with the radioactive isotope was 0.24ng-atom of medium Ca2+/mg dry wt. of cells. This fell on incubation for 20min in Ca2+-free medium (2 x 5min plus 1 x 10min, see above) to 0.12ng-atom of medium Ca2+/mg dry wt. of cells. The exact magnitude ofthe additional loss induced by adrenaline, isoproterenol or 2,4-dinitrophenol cannot be calculated, because it was difficult to interrupt the course of the experiment to measure the 45Ca concentration at the beginning of the final 10min of incubation in Ca2+-free medium. The limits of this concentration were 0.12 and 0.24ng-atom of medium Ca2+/mg dry wt. of cells (these were the concentrations at the end of incubation in Ca2+-free medium and before incubation in Ca2+-free medium respectively). The limits of the losses induced by adrenaline, isoproterenol and 2,4-dinitrophenol were approx. 0.05-0.1 ng-atom of medium Ca2+/10min per mg dry wt. of cells.
General Discussion and Conclusions Ca2+ and amylase release Table 6 summarizes the principal findings on amylase release, '5Ca incorporations (cells, pieces and mitochondrial fraction) and 45Ca effluxes in Ca2+-free medium (cells and mitochondrial fraction). The results are compatible with a role for Ca2+ as a mediator of amylase release in response to a-and I?-adrenergic and cholinergic effectors. The bivalentcation ionophore A23187 enabled extracellular Ca2+ to stimulate amylase release; it increased both uptake of '"Ca in complete medium and efflux of '5Ca in a Ca2+-free medium. These results suggest that the ionophore facilitated movement of Ca2+ across the plasma membrane, and that this was associated with amylase release. The effects of ionophore A23187 on amylase release with parotid cells were greater than those obtained with parotid slices by Selinger et al. (1974) , but comparable with those obtained by Butcher (1975) .
Amylase release by parotid cells or pieces was stimulated by x-adrenergic and cholinergic agonists, albeit weakly. This stimulation was dependent on extracellular Ca2+. The most convincing demonstration of this dependence was achieved in parotid pieces. a-Adrenergic and cholinergic agonists also accelerated uptake of '5Ca by parotid cells and parotid pieces and inhibited efflux of '5Ca from parotid cells into a Ca2+-free medium. Thus a-adrenergic and cholinergic effectors show an association between accelerated '5Ca uptake and a stimulation of amylase release, which is dependent on extracellular Ca2 . Stimulation of amylase release by fi-adrenergic effectors and by dibutyryl cyclic AMP was not dependent on extracellular Ca2+ in cells or pieces, in agreement with the findings of , ), Harfield & Tenenhouse (1973 and Dormer & Ashcroft (1974) . IJ-Adrenergic effectors increase parotid cyclic AMP concentrations markedly (see, e.g., Butcher, 1975) (1974) showed that adrenaline (mixed a-and 08-agonist) increases 45Ca incorporation into the mitochondrial fraction of parotid pieces and enhances loss of "5Ca from this fraction when parotid pieces are incubated in Ca2+-free medium. These findings have been confirmed, and it has been shown additionally that loss of mitochondrial 45Ca is a 8-adrenergic effect, whereas stimulation of cell uptake of45Ca is an a-adrenergic effect. It seems probable that adrenaline stimulates uptake of45Ca into the mitochondrial fraction through an ar-adrenergic effect, although this was not established unequivocally in the present study.
Exchangeable and total Ca2+ pools in parotid cells andpieces In parotid cells, approx. 15% of the total Ca2+ (2.9ng-atoms/mg dry wt. of cells) exchanged with extracellular 45Ca in 1-2min. Thereafter incorporation was slow (approx. 2.5% of total Ca2+/h) and incomplete after 3h. Adrenaline increased the rate of this slow incorporation fivefold in the first 60min, and incorporation was complete after 120min. The additional incorporation amounted to approx. 10% of Vol. 160 the total cell Ca2+. Whether this additional Ca2+ represents net uptake of Ca2+ or equilibration of a second more slowly exchanging pool could not be ascertained because of its modest dimension, and because it is known that adrenaline can cause release of Ca2+ together with amylase (Wallach & Schramm, 1971) . It is clear, however, that at least 75 % of parotid-cell Ca2+ exchanges very slowly or not at all with extracellular Ca2+, and, on the basis of data of Wallach & Schramm (1971) , may be located in secretory granules.
The location of the rapid and slowly exchanging pools of Ca2+ in parotid cells cannot be assigned with certainty. Free cytoplasmic Ca2+ could only account for a minute fraction (<20pg-atoms/mg dry wt. of cells), assuming that the concentration of diffusible Ca2+ is no more than 10pUM, as in squid axoplasm (Baker, 1972) , and that the cytoplasmic volume is less than 2#1/mg dry wt. of cells (Table 1) . Important potential locations are mitochondrial and microsomal fractions, which rapidly accumulate and concentrate C(2+ Dormer & Ashcroft, 1974; Kanagasuntheram, 1976) . The rapid release and separation of these fractions from parotid cells have not been achieved, and we have resorted in this study to the isolation of mitochondria from parotid pieces. This is less satisfactory than similar experiments with cells would have been, because equilibration of extracellular markers was slow (10-30min), equilibration of a readily exchangeable Ca2+ pool (approx. 4.4ng-atoms of Ca2+ out of a total pool of 17ng-atoms/mg dry wt. of tissue) was slow (30min), and other cell types are present. However, this study did show that rapid exchange with mitochondrial Ca2+ does occur (0.1 ng-atom of inhibition of Ca2+ efflux by carbamoylcholine and phenylephrine could account for the stimulation of 4-Ca incorporation which they induced. This interpretation assumes that the specific radioactivity of 45Ca during efflux is the same as that of the medium from which it was derived during loading, and that inhibition of effiux and stimulation of incorporation have a similar time-course. These assumptions could not be verified with the present technique. If this interpretation is correct, then phenylephrine and carbamoylcholine may facilitate uptake of 45Ca in paxotid cells through inhibition ofa Ca2+ pump in the plasma membrane or alternatively through inhibition of Ca2+ effiux from the plasma membrane itself. The participation of active mechanisms in the exclusion of Ca2+ from parotid cells is suggested by the marked incorporation of 45Ca induced by 2,4-dinitrophenol.
The additional 45Ca incorporated into parotid cells or pieces with adrenaline, phenylephrine or carbamoylcholine was apparently largely into extramitochondrial fractions. Thus the increase in the rate of incorporation (approx. 0.1-0.25ng-atom of Ca2+f 1Omin per mg dry wt. of parotid pieces) was sufficiently rapid to at least double the mitochondrial 45Ca if incorporated into this fraction. No increase in mitochondrial 45Ca was detected with any agent after 10min of incubation. Adrenaline increased mitochondrial 45Ca incorporation after 60min (by 0.12ng-atom of medium Ca2O/mg dry wt. of tissue), but this was only a small fraction of the total tissue incorporation (2.85 ng-atoms of medium Ca2+/mg dry wt.).
In parotid cells, fl-adrenergic effectors and dibutyryl cyclic AMP induced efflux of 45Ca in Ca2+-free medium. Wallach & Schramm (1971) found that amylase release is accompanied by release of Ca2+ apparently from within the secretory granule. It seems unlikely that the "Ca released in the present experiments was derived from secretory granules. The release of 45Ca preceded the release of amylase and, unlike release of amylase, was short-lived, and, moreover, the Ca2+ of secretory granules shows negligible exchange with external 45Ca (Wallach & Schramm, 1971) . In parotid pieces, ,B-adrenergic effectors and dibutyryl cyclic AMP inhibited incorporation of 45Ca into the mitochondrial fraction and induced release of 45Ca from the mitochondrial fraction during incubation in Ca2+-free medium. The extent of 45Ca release from parotid cells with these agents was approx. 0.15-0.21ng-atom of Ca2+/mg dry wt. of cells. The duration of efflux was approx. 5min. The extent of efflux from the mitochondrial fraction of parotid pieces during 10mm of incubation with these agents in Ca+-free medium was approx. 0.05-0.1 ng-atom of Ca2+/mg dry wt. of tissue. Thus efflux of Ca2+ from mitochondria could account for much, if not all, of the efflux of 45Ca from cells.
The incorporation of 45Ca into the mitochondrial fraction of parotid pieces was decreased by 2,4-dinitrophenol in spite of a substantial increase of 45Ca incorporation into the whole tissue. The efflux of 45Ca from the mitochondrial fraction of parotid pieces in a Ca2+-free medium was enhanced by 2,4-dinitrophenol. These effects on itochondrial exchangeable Ca2+ were expected because uncouplers are known to inhibit respiration-dependent mitochondrial uptake of Ca2+. In the present study the uncoupling effect of 2,4-dinitrophenol (0.5mM) was shown by the lowered ATP concentration of parotid cells (from 7.3 ±0.1 to 4.0±0.2nmol of ATP/mg dry wt. of cells; mean±s.E.M. after 20mnin of incubation). These effects of 2,4-dinitrophenol on parotid cells and pieces are qualitatively similar to those observed in epididymal adipose tissue, where the uncoupler decreased 45Ca incorporation into the mitochondrial fraction and increased incorporation into the extramitochondrial fraction (Severson et al., 1976) . In adipose tissue, adrenaline lowered mitochondrial incorporation of 45Ca and it was suggested that this effect might be due to an uncoupling of oxidative phosphorylation. In the present study adrenaline increased mitochondrial incorporation of 45Ca, even though it produced a modest but significant fall in ATP concentration (measured in cells, from 5.2± 0.1 to 4.6±0.1 nmol of ATP/mg dry wt., after 20min with 1976 562 I #aadrealine); milar modest falls in ATP concentration were also seen in pieces with isoproterenol (1UM), phenylephrine (1 uM) and carbamoylcholine (1 GM), i.e. with a-and /J-adrenergic and cholinergic
effectors. This might suggest that mecha ns other than fa,ll in ATP are involved in depletion of mitchondrial 45Ca with f8-adrenergic stimulation. One possibility is,a direct effect ofcyclicAMP, as suggested by Borle (1974) .
General conclusions There is evidence, in a number of secretory cells, for a role for C(2+ as a mediator instimulus-secretion coupling (Douglas & Rubin, 1261 ; see reviews by Matthws, 1970; Milner & Hales, 1970; Maiaisse, 1973; Douglas, 1974) . Some of this evidene is based on a requirement for extracellular Ca24 in secretory etspofte. kecognition that there are secretory responses that do not depend on extracellular Ca2+ has fbcused attentioi on the possible participation of.intrcellular stores of (,2+, for example in mnitchondrial and microsomal fractions t & Scbramm, 1970; Selingeretala, 1970; Milasse, 1973; Dormer & Ashcroft, 1974) . The concept of (Wa3+ as a riediator in stimulus-secretion coupling was originally envisaged as being analogous to the role of Ca2+ in excittifoniotitraction coupling in' muscle (Doutgla, 1974) . In invertebrate muscles, contractiot may be triggered by a rise in cytoplasmic free Ca2+ of the order of 1,M (Portzehl et al., 1964; Ashley & Ridgway, 1970) . In muscle, the cytoplasmic free Ca2+ may be regulated by the plasma membrane, by sarcoplasmic tubules and possibly by mitochondria. Comparable systems for the regulation ofcytoplasmic Ca2+ concentration exist in parotid Dormer & Ashcroft, 1974; present paper) . There is, however, little knowledge of the molecular components involved in stimulus-secretion coupling or of their location. If the system is analogous to muscle, then it is helpful to note that a rise in cytoplasmic free Ca2+ of, for example, 1OaM could involve addition of as little as 20pg-atoms of Ca2+/mg dry wt. of parotid cells, to the cytoplasmic compartment. This addition is miniscule in relation to total cell Ca2+, total mitochondrial Ca2+ or total cell exchangeable Ca2+, modest in relation to the rapidly exchanging pool of mitochondrial Ca2+, and comparable in size with the uptake of 45Ca/min induced by phenylephrine and carbamoylcholine, and to the efflux of 45Ca/min from mitochondria and cells in a Ca2+-free medium with isoproterenol or adrenaline. The present findings are compatible with a role for Ca2+ as a mediator of secretory responses in rat parotid, but more stringent evidence is required, including knowledge of the molecular mechanisms involved, their location and concentrations of Ca2+ in the relevant cell compartment.
The present study has shown that effects of aadrenergic and cholinergic agonists on Ca2+ metabolism in rat parotid cells are similar and quite different from those of 6-adrenergic effectors, Interpretation requires further study of mechanisis, and parotid is not ideal for this purpose because of limited availability ofmaterial. It would be useful to know whether these effects are demonstrable in other cell types, more readily available in quantity. Kondo & Schulz (1976) have reported that carbamoylcholine increased the 45Ca-exchangeable pool size in rat pancreatic acinar cells, whereas isoproterenol and dibutyryl cyclic AMP were without effect. In unvublished work in this laboratory (Oxford) S. Poden haisound that '5Ca uptgce by rat hepatocytes,is stinulated by phenyp irine, adrenaline plus propanolol and carbamoylcholinDl-but not by isoproterenol or adrenaline plus phentolamnine.
